SUBSTRATE PROCESSING APPARATUS AND METHOD 



Field of the Invention 

The present invention relates to a semiconductor 
manufacturing apparatus; and, more particularly, to a 
semiconductor manufacturing apparatus for forming a 
semiconductor film on a wafer. 

Background of the Invention 

In a manufacturing process of semiconductor devices 
such as an integrated circuit (IC) , a large-scale 
integration (LSI) circuit and the like, there has been used 
a semiconductor manufacturing apparatus for forming a 
semiconductor film on a wafer. 

Referring to Fig. 2, there is illustrated a schematic 
diagram of a conventional semiconductor manufacturing 
apparatus . 

The semiconductor manufacturing apparatus includes a 
heater 1, a reaction chamber 2 being heated by the heater 1 
to a temperature appropriate for performing a semiconductor 
film forming process, a quartz boat 3 being taken into the 
reaction chamber 2 along the arrow direction with wafers 
loaded thereon, a wafer carrier- 4 for transferring silicon 
wafers 14 between a wafer cassette 7 and the quartz boat 3, 



the wafer cassette 7 acting as a carrier bringing wafers 
into or out of the apparatus, a process gas line 9 through 
which a process gas for inducing the semiconductor film 
forming reaction is supplied to the apparatus, and a vacuum 
exhaust 10 for evacuating the reaction chamber 2 to vacuum 
or maintaining the inner pressure of the reaction chamber 2 
at a certain level. 

Referring to Fig. 3, there is schematically shown the 
reaction chamber 2 into which the quartz boat 3 is loaded 
during a semiconductor film forming process. A plurality of 
silicon wafers 14, only some of the wafers being depicted 
for illustration purpose, loaded on the quartz boat 3 are 
arranged in the reaction chamber 2 while maintaining a 
constant interval therebetween. 

The process gas line 9 provides the reaction chamber 2 
with the process gas, which induces the semiconductor film 
forming reaction while it passes through an internal tube 13 
to thereby form semiconductor films on the silicon wafers 14 
After the reaction process is completed, the used process 
gas is removed by the vacuum exhaust 10 through a space 
between an external tube 12 and the internal tube 13. In 
Fig. 3, one or more adiabatic plates 15 serve to reduce or 
prevent heat loss from the reaction chamber 2. 

Fig. 4 describes a wafer arrangement during the 
semiconductor film forming process. In such a batch-type 
semiconductor film forming apparatus, the semiconductor film 



forming process should be carried out under a constant 
reaction condition so as to reproducibly obtain the 
thickness uniformity of the semiconductor films formed on 
silicon wafers. For this purpose, the wafers are arranged 
as illustrated in Fig. 4. 

First of all, since the reaction condition near both 
ends of the wafer arrangement is not stabilized, dummy 
wafers are arranged in regions near the ends (indicated as 
an upper and a lower dummy wafer regions in Fig. 4), wherein 
a dummy wafer represents a wafer not being used for 
producing final products. In the remaining region of the 
wafer arrangement (designated as a process region in Fig. 4), 
the semiconductor films are formed under a controlled 
reaction condition on silicon wafers to be used for 
producing semiconductor products. 

In case there are empty spaces between the silicon 
wafers positioned in the process region, the non-uniformity 
of the reaction condition which might be caused due to 
irregular intervals between the silicon wafers may be 
prevented by supplementing the empty spaces with dummy 
wafers as shown in Fig. 4. 

As described above, the conventional batch-type 
semiconductor film forming apparatus achieves the uniformity 
of the reaction condition by using the dummy wafers. 
However, the use of dummy wafers leads to a waste, thereby 
increasing, especially, in a case of small batch production 



where various products in small quantities are produced, the 
semiconductor manufacturing cost. 

The dummy wafers are loaded in a wafer cassette first 
and then transferred into the apparatus. Thereafter, a 
5 required number of dummy wafers are loaded on the quartz 
boat after being retrieved from the wafer cassette. 

After being used for a predetermined number of times, 
the dummy wafers are taken out from the semiconductor 
manufacturing apparatus and then subject to a cleaning 
10 process thereof. The time required for the dummy wafer 
unloading process and the cleaning process also gives rise 
to an increase in the semiconductor manufacturing time. 

Summary of the Invention 

15 

It is, therefore, a primary object of the present 
invention to provide a semiconductor manufacturing apparatus 
or substrate processing apparatus capable of reducing the 
semiconductor manufacturing cost by solving the cost 

2 0 increasing problem resulting from the consumption of dummy 
wafers and the semiconductor manufacturing time increasing 
problem caused by the external cleaning of the dummy wafers. 

In accordance with the present invention, there is 
provided a substrate processing apparatus, comprising: 

25 a reaction chamber for simultaneously processing a 

plurality of process substrates; 
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a boat for loading the process substrates into the 
reaction chamber; and 

a stocker for storing a multiple number of dummy 
substrates, at least a portion of the dummy substrates being 
loaded into the reaction chamber together with the process 
substrates through the use of the boat, 

wherein a substrate cleaning process is carried out by 
loading the dummy substrates to be cleaned into the reaction 
chamber through the use of the boat and introducing a 
cleaning gas into the reaction chamber. 

Brief Description of the Drawings 

The above and other objects and features of the 
present invention will become apparent from the following 
description of preferred embodiments given in conjunction 
with the accompanying drawings, in which: 

Fig. 1 illustrates a schematic diagram of a 
semiconductor manufacturing apparatus in accordance with the 
present invention; 

Fig. 2 exemplarily shows a schematic diagram of a 
conventional semiconductor manufacturing apparatus; 

Fig. 3 depicts a reaction chamber into which wafers 
are loaded for a semiconductor film forming process; and 

Fig. 4 represents a wafer arrangement during the 
semiconductor film forming process. 



Detailed Description of the Preferred Embodiments 



Referring to Fig. 1, there is illustrated a schematic 
diagram of a semiconductor manufacturing apparatus 
(substrate processing apparatus) in accordance with a 
preferred embodiment of the present invention. 

The semiconductor manufacturing apparatus includes a 
heater 1, a reaction chamber 2 being heated by the heater 1 
up to a temperature appropriate for performing a 
semiconductor film forming process, and a quartz boat 3 
being brought into the reaction chamber 2 along the arrow 
direction with process substrates, e.g., silicon wafers, and 
dummy substrates, e.g., quartz dummy wafers, loaded thereon. 
The semiconductor manufacturing apparatus is also provided 
with a wafer carrier 4 for transferring the silicon wafers 
between the quartz boat 3 and a wafer cassette 7 acting as a 
carrier bringing wafers into or out of the apparatus and a 
quartz wafer stocker 5 for storing quartz dummy wafers 6 in 
the apparatus. The wafer carrier 4 is also used in 
transferring the dummy wafers between the quartz boat 3 and 
the quartz wafer stocker 5. Also provided in the 

semiconductor manufacturing apparatus are a cleaning gas 
line 8 for providing the apparatus with a cleaning gas to be 
used in a cleaning process for removing dirt existing in the 
reaction chamber 2, a process gas line 9 for supplying the 
apparatus with a process gas for inducing the semiconductor 



film forming reaction, and a vacuum exhaust 10 for 
evacuating the reaction chamber 2 to vacuum or maintaining 
the inner pressure of the reaction chamber 2 at a desired 
level. The reference numeral 11 represents a batch counter 
5 for counting the number of semiconductor film forming 
processes carried out. 

For the semiconductor film forming process for 
producing semiconductor films on silicon wafers, wafers are 
loaded on the quartz boat 3 in an arrangement as shown in 

10 Fig. 4. In accordance with the preferred embodiment of the 
present invention, however, the quartz wafers 6 are used as 
the dummy wafers. The quartz wafers 6 are loaded into the 
upper and the lower dummy wafer region of the quartz boat 3 
and also into empty slots in the process region where 

15 silicon wafers are absent, thereby fully filling the quartz 
boat 3 with wafers. The quartz boat 3 filled with the 
. wafers is loaded into the reaction chamber 2 along the arrow 
direction as shown in Fig. 1. 

Then, in accordance with a predetermined process 

20 condition, the inventive apparatus reduces the inner 
pressure of the reaction chamber 2 by using the vacuum 
exhaust 10 and supplies the reaction chamber 2 with the 
process gas through the process gas line 9 to thereby 
uniformly produce semiconductor films on the silicon wafers. 

25 After the semiconductor film forming process is 

completed, the quartz wafers 6 are transferred to the quartz 
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wafer stocker 5 by the wafer carrier 4 and reused in 
subsequent semiconductor film forming processes without 
being taken out of the apparatus. 

The quartz dummy wafers 6 have an experimentally 
5 determined maximum number of usages (or a limit of film 
thickness accumulated thereon) beyond which there occurs 
particulate generation, so that the product yield of the 
semiconductor manufacturing process is deteriorated- In a 
preferred embodiment of the invention, the number of usages 

10 is used as a measure to determine a cleaning timing of 
quartz dummy wafers. Therefore, the number of usages of the 
quartz wafers 6 is monitored by the batch counter 11. If 
the number of usages reaches the limit, such quartz wafers 
are stocked in the quartz wafer stocker 5 and are not used 

15 again before being cleaned. Other cleaned quartz wafers 
stored in the quartz wafer stocker 5 are used as the dummy 
wafers in a next semiconductor film forming process. 

Such selection of the dummy wafers can be accomplished 
by an apparatus operator in response to an alert from the 

20 batch counter 11 or an auxiliary device thereof when the 
number of usages reaches the limit, or can be automatically 
performed in response to an output of the batch counter 11. 

In case a total film thickness accumulated on the 
dummy wafers is preferably used as the measure to determine 

25 the cleaning timing of the dummy wafers, the total film 
thickness has to be monitored for each dummy wafer. Such 
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monitoring of the film thickness can be accomplished in 
various ways apparent to those skilled in the art and, 
therefore, will not be described in detail. 

As shown above, the inventive apparatus employs 
therein a device for storing the dummy wafers, e.g., the 
quartz wafer stocker 5. Therefore, by enlarging the 
capacity of the quartz wafer stocker 5, i.e., the number of 
wafers which can be stocked therein, it becomes possible, 
even in a case of cleaning the dummy wafers outside the 
apparatus, to considerably reduce the frequency of loading 
and unloading dummy wafers into or out of the apparatus, 
when compared with the conventional apparatus. As a result, 
the operation of the apparatus becomes simplified, which in 
turn reduces the semiconductor manufacturing cost. 

It is preferable that the capacity of the quartz wafer 
stocker 5 is a multiple of the number of dummy wafers being 
used per one batch process. In the preferred embodiment of 
the present invention, about 7 0 % of the whole wafers 
loaded on the quartz boat 3 are silicon process wafers and 
about 30 % thereof are quartz dummy wafers. Therefore, if 
the total capacity of the quartz boat 3 is 100 wafers, it is 
preferable that the capacity of the quartz wafer stocker 5 
becomes a 30 x n wafers, n being a positive integer 
including 1 . 

Meanwhile, since the inventive apparatus uses the 
quartz wafers 6 as the dummy wafers, the wafer cleaning can 



be performed in the apparatus , so that there is no need to 
bring the dummy wafers into and out of the apparatus. This 
will be described hereinafter. 

Since the required frequency of cleaning the reaction 
chamber 2 and the quartz boat 3 is less than that of the 
quartz dummy wafers 6, the inside of the reaction chamber 2 
is cleaned when all of the quartz dummy wafers 6 stored in 
the quartz wafer stocker 5 are used up to the limit or at a 
cleaning time of the reaction chamber 2 and/or the quartz 
boat 3. In a cleaning process, all the quartz dummy wafers 
6 which has been used as many times as the usage limit are 
transferred into the reaction chamber 2 as being loaded on 
the quartz boat 3 by the wafer carrier 4. Then, a cleaning 
gas, e.g., CIF 3 , is supplied into the reaction chamber 2 
through the cleaning gas line 8, thereby simultaneously 
cleaning a quartz reaction tube including, e.g., the inner 
and the outer tubes 13 and 12, the quartz boat 3 and the 
quartz dummy wafers 6 under a preset cleaning condition. 
After the cleaning process is finished, the cleaned quartz 
dummy wafers 6 are reloaded in the quartz wafer stocker 5 by 
the wafer carrier 4 and stored as cleaned reusable quartz 
dummy wafers. 

As noted above, in accordance with the preferred 
embodiment of the present invention, there is no need to 
bring the cassette for the dummy wafers out of and into the 
apparatus prior to and after the cleaning process of the 
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dummy wafers. Thus it becomes possible to solve a problem 
of increasing a processing time required in taking the dummy 
wafers out of and into the apparatus for the purpose of 
cleaning them, by avoiding to take the cassette for the 
silicon process wafers in and out of the apparatus. 

Moreover, in accordance with the present invention, a 
batch counter, e.g., the reference numeral 11 in Fig. 1, 
counts the number of times dummy wafers, e.g., the quartz 
wafers 6 in Fig. 1, are used and, if the counted number 
reaches a predetermined use limit, the batch counter or its 
auxiliary device generates an alert to an apparatus operator 
so as to prevent the semiconductor product yield from being 
deteriorated by overused dummy wafers. 

Since the cleaning of the dummy wafers is carried out 
together with that of other parts, e.g., the reaction 
chamber 2 and the quartz boat 3, it is possible to shorten a 
maintenance time of the apparatus. Namely, since the 
present invention employs a function of removing by using 
the cleaning gas, e.g., CIF 3 , semiconductor films deposited 
on quartz jigs such as a reaction tube and a boat during the 
semiconductor film forming processes, the maintenance time 
can be reduced by loading all the used-up dummy wafers, e.g., 
the quartz wafers 6 in Fig. 1, on the boat, e.g., the 
reference numeral 3 in Fig. 1, inserting the boat into the 
reaction chamber, e.g., the reference numeral 2 in Fig. 1, 
and cleaning the dummy wafers together with the quartz jigs 
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simultaneously . 

In addition, by using the quartz wafer capable of 
enduring repeated cleaning processes and being used 
semipermanently, it is possible to curtail a semiconductor 
manufacturing cost due to the consumption of the dummy 
wafers. 

It is to be understood that any other types of wafers 
than the preferred embodiment quartz dummy wafers can also 
be used as the dummy wafers as long as they are durable 
against the temperature of the semiconductor film forming 
process and the repeated cleaning processes. For instance, 
a silicon wafer having alumina (AI2O3) films deposited on 
both sides thereof by chemical vapor deposition (CVD) can 
also be used as a dummy wafer in the inventive semiconductor 
manufacturing apparatus. 

Although the present invention has been described with 
respect to a semiconductor manufacturing apparatus for 
forming a semiconductor film on a wafer, it should be 
apparent to those skilled in the art that the invention can 
equally be applied to other types of semiconductor 
manufacturing apparatus, e.g., carrying out non- 
semiconductor film forming process, diffusion processes or 
the like on silicon wafers. The present invention can also 
be applied to an apparatus for processing non-silicon wafers 
or non-semiconductor substrates to produce non-semiconductor 
films . 
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While the present invention has been described with 
respect to the particular embodiments , it will be apparent 
to those skilled in the art that various changes and 
modifications may be made without departing from the spirit 
and scope of the invention as defined in the following 
claims . 
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